Regardless of its highly valuable nutritive composition, goat's milk is less preferred by consumers due to its specific sensory characteristics that are very often regarded as undesirable. On the other hand, traditional medicinal plants from Lamiaceae family, due to their rich bioactive composition, especially polyphenols, and desirable aroma profile, can be used to enhance and improve bioactive and sensory properties of food. In the present study nutritively valuable beverages were produced by enrichment of goat's milk with medicinal plant extracts derived from the Lamiaceae family and stabilized by homogenization with high intensity ultrasound treatment. The impact of plant species (lemon balm, mint, lavender, rosemary and sage) and ultrasound treatment duration (5 or 10 min) on the physicochemical, bioactive and sensory characteristics of enriched beverages was evaluated. The addition of plant extracts to goat's milk significantly increased the concentration of bioactive components (rosmarinic acid, hydroxycinnamic acid derivatives and luteolin derivatives), in dependence of the added plant extract. The prolongation of the ultrasound homogenization markedly decreased the fat globule size and thus beneficially affected the product stability. Apart from the achieved bioactive enrichment and stability, the developed beverages exhibited significantly improved sensory properties in comparison to plain goat's milk, with the highest overall acceptability determined for samples enriched with mint and rosemary.
Introduction
During the last decade, increasing consumer awareness and better understanding of how food contributes directly to their health have considerably changed the consumer demands in the field of food production. These differences, deriving from a better knowledge of nutrition-health relation, resulted in the development of the functional food concept. Today it is well established that functional food products can be obtained by adding other functional ingredients to food, or by using processing and production methods that enable the preservation of native active compounds in a specific product. In terms of employing the enrichment with or addition of other functional ingredients to a food product, most often medicinal plant extracts serve as the functional constituents, primarily due to their therapeutic effects, which are mostly attributed to the presence of polyphenolic compounds (1) . Additionally, from the food industry aspect, plant extracts provide a reliable alternative to synthetic antioxidants that can prolong the storage stability and food preservation, mask undesirable flavours, and enhance sensory properties of food they are added to. Medicinal plants rep- resent an ideal substrate that can be successfully subjected to various preparation techniques, since they can be utilized in different forms such as fresh crude form, teas, decoctions or powdered plant material, and can therefore easily serve for tailoring novel food products.
From the aspect of production of functional food products by preservation of native active ingredients, in the food industry a special interest has arisen for tailoring new, safe and effective methods of food processing and preservation that in the end will result in high quality food products. Among alternative technologies that can contribute to retention of the quality level of various food products, high intensity ultrasound has become one of the most progressive technologies, used in various operations to accelerate mass transport processes, especially drying, mixing, homogenization, extraction and crystallization (2) . Production of dairy products is one of the food processing areas where high intensity ultrasound already has its wide application, mostly for homogenization purposes. High intensity ultrasound implies frequencies in the range from 16 to 100 kHz, and 10 to 1000 W/cm 2 of power (3), which causes different physicochemical changes of the treated substrate (4).
Milk and milk products have always been considered as part of regular and balanced diet. During past years, goat's milk has received increasing attention due to its specific, but highly valuable nutritive composition, biological and therapeutic values. Improved digestibility, higher mineral composition quality, buffering capacity, higher therapeutic efficiency and many other characteristics are significantly differing goat's milk from other milk types (5) . Today goat's milk is regarded as a high-quality raw material used for production of food for infants and the elderly, for population with certain medical problems, as well as for production of a wide range of other food products, including beverages (low fat, fortified, or flavoured) and UHT (ultra high temperature) milk, fermented products (cheese, buttermilk or yogurt), frozen products (ice cream or frozen yogurt), but also butter, condensed/dried products, sweets and candies (6) . However, due to its distinctive and characteristic taste and flavour attributed to the presence of free short chain fatty acids, raw goat's milk is still very often unaccepted among a large number of consumers. Therefore, addition of medicinal plant extracts to goat's milk may contribute to the improvement of bioactive and sensory properties of this food substrate, while in combination with high intensity ultrasound treatment a complete development route of novel functional beverages may be defined. According to the authors' knowledge, the majority of studies dealing with the addition of polyphenolic plant extracts to dairy products are concentrated on functional fermented dairy products produced from cow's milk. Among them, the addition of catechin (7) and aloe vera (8) to bifidobacteria-containing yogurt, flavonol-rich wine extract to milk and yogurt (9) , green bell pepper juice to low fat fermented milk (10) , and supplementation of yogurt with acidified ethanol extracts of four different grape varieties and grape callus (11) have been reported. Additionally, functional milk beverages fortified with phenolic compounds extracted from olive vegetable water and fermented with functional lactic acid bacteria were manufactured in a study of Servili et al. (12) , while the effect of the addition of aqueous phenolic extracts from olive and grape pomace to fermentation media of the skimmed milk was investigated in a study of Aliakbarian et al. (13) .
Therefore, the aim of this study is to prepare and utilize extracts of five traditional medicinal plants from Lamiaceae family (lemon balm, mint, lavender, rosemary and sage) for development of functional goat's milk-based beverages, with enhanced bioactive properties and improved sensory characteristics. Homogenization of enriched goat's milk was conducted by applying non-thermal high intensity ultrasound treatments during 5 and 10 min. The effectiveness of this approach in the development of enriched functional goat's milk-based beverages was evaluated by screening their physicochemical parameters, bioactive profile and sensory characteristics.
Materials and Methods

Chemicals
Acetic acid, Folin-Ciocalteu, sodium carbonate, formaldehyde, hydrochloric acid, n-butanol, ammonium iron(II) sulfate dodecahydrate, formic acid, potassium acetate and potassium peroxodisulfate of analytical grade were supplied by Kemika (Zagreb, Croatia). Ethanol, sodium nitrite and sodium hydroxide were obtained from Gram-mol d.o.o. (Zagreb, Croatia), sodium acetate trihydrate was supplied from Alkaloid AD (Skopje, Macedonia), while nitric acid was from Carlo-Erba Reagents (Peypin, France). The 2,2-diphenyl-1-picrylhydrazyl (DPPH) was supplied by Fluka (Buchs, Switzerland). Vanillin, cyanidin chloride, 6-hydroxy--2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 2,2-azinobis(3-ethylbenzthiazoline-6-sulphonic acid) diammonium salt (ABTS), sodium molybdate, sodium carbonate decahydrate, casein, as well as gallic, tannic, rosmarinic, chlorogenic, caffeic and p-coumaric acids, catechin, luteolin, rutin and apigenin were obtained from Sigma-Aldrich (Steinheim, Germany). Methanol and acetonitrile (both HPLC grade) were supplied by J.T.Baker (Deventer, The Netherlands).
Sample preparation
Preparation of plant extracts Extracts were prepared by pouring 200 mL of boiled distilled water over 10 g of plant, followed by continuous stirring for 30 min, without maintaining the water temperature. The obtained extracts were filtered through a tea strainer and after cooling to room temperature their bioactive composition was evaluated.
Preparation and ultrasonic homogenization of goat's milk enriched with plant extracts Raw goat's milk was supplied from a local manufacturer from the Zagreb area (Croatia). Before the addition to goat's milk, previously prepared plant extracts were evaporated to 1/3 of the initial volume. Concentrated extracts were added to goat's milk in 10 % of total volume and stirred well. Samples were homogenized with an ultrasonic processor (UP 100 H; Hielscher, Teltow, Germany) with maximum nominal power of 100 W, constant ultrasonic frequency of 30 kHz, amplitude of 60 % with full cycle (c=1) during whole treatment which lasted 5 (H 5 ) and 10 (H 10 ) min. Volume of the samples (at temperature of 20 °C) was 50 mL and the dia meter of the cylindrical probe was 7 mm. As a control, plain goat's milk samples (without the addition of plant extracts) were also subjected to high intensity ultrasound homogenization.
Physicochemical characterization of goat's milk samples
Chemical characterization of goat's milk samples Defatted dry matter, protein and lactose contents and pH of the plain goat's milk and goat's milk enriched with plant extracts were evaluated using low intensity ultrasound analyser Lactoscan SA60 (Milkotronic Ltd, Nova Zagora, Bulgaria). The analysis is based on the passage of the ultrasound wave of low intensity through liquid medium, where the measured speed of the ultrasound, as a consequence of the flow between two sensors, is directly proportional to the values that define the chemical content of evaluated samples. The flow was achieved by peristaltic pump and the volume of analysed sample comprised 30 mL. The analyses were performed in triplicate and the results are expressed as mean value±standard deviation (S.D.).
Colour measurements
The colour of goat's milk enriched with plant extracts was evaluated using a colorimeter CM-3500d (Konica Minolta, Tokyo, Japan), and the readings of L* (lightness), a* (redness) and b* (yellowness) parameters were recorded. For the analyses, enriched goat's milk samples were filled into adequate cuvettes, and three replicate measurements were performed. Results were presented as mean values with corresponding S.D. Total colour difference (∆E) was calculated according to the following equation (14) Cellulose determination is based on plant deterioration by adding nitric and acetic acid, where the remaining residue represents cellulose (16) . The analysis was performed three times and the cellulose yield was calculated as the ratio of dried hydrolyzed sample and initial sample mass, expressed as percentage of dry mass±S.D.
Determination of polyphenolic compounds
The obtained plant extracts were screened spectrophotometrically to determine their total polyphenolic and total flavonoid, hydroxycinnamic acid, proanthocyanidin, total tannin and flavan-3-ol contents using UV-Vis spectrophotometer (Helios γ; ThermoSpectronic, Cambridge, UK). Enriched goat's milk samples were assayed for total polyphenol and flavonoid contents after methanol precipitation to eliminate proteins from goat's milk and obtain adequate samples.
Total polyphenolic (TP) content was analysed using Folin-Ciocalteu reagent, according to a modified method of Lachman et al. (17) . Based on the formaldehyde precipitation of flavonoids, total flavonoid (TF) content was calculated as the difference between total polyphenolic and nonflavonoid contents. Both results were expressed in mg of gallic acid equivalents (GAE) per L. Method for determination of hydroxycinnamic acids (mg of caffeic acid equivalents (CAE) per L) was adapted from Matkowski et al. (18) . Proanthocyanidins (i.e. condensed tannins) were analysed by the procedure described by Porter et al. (19) and expressed in mg of cyanidin chloride equivalents (CyE) per L. The content of total tannins was determined using casein as an adsorbing agent for tannins according to the modified method of Rusak et al. (20) and the results were expressed in mg of tannic acid equivalents (TAE) per L. Flavan-3-ol content was analysed using vanillin assay (21) and expressed in mg of (+)-catechin equivalents (CE) per L. All measurements were performed in triplicate, and the results are expressed as mean values±S.D.
Determination of antioxidant capacity
The antioxidant capacity of both plant extracts and enriched goat's milk samples (after methanol precipitation) was examined by two radical scavenging assays, ABTS and DPPH. The Trolox equivalent antioxidant capacity (TEAC) was estimated by the ABTS radical cation decolourization assay (22) . Antioxidant capacity evaluated using the DPPH radical scavenging assay was described by Brand-Williams et al. (23) . The results obtained from triplicate analyses were expressed in mmol of Trolox equivalents (TE) per L.
HPLC analysis of polyphenolic compounds
Before HPLC analysis, plant extracts and enriched goat's milk samples (after methanol precipitation) were filtered through 0.45-µm filter (Nylon Membranes, Supelco, Bellefonte, PA, USA). A sample (20 µL) was injected using an Infinity Agilent 1100/1200 Series HPLC device (Agilent, Santa Clara, CA, USA) and a Photodiode Array Detector (Agilent) with a reversed-phase Zorbax extended C-18 column (250 mm×4.6 mm, 5 µm i.d.; Agilent). The solvents consisted of 2 % formic acid in water (solvent A) and 2 % formic acid in acetonitrile (solvent B) at a flow rate of 1 mL/min. The elution was gradient, starting at 90 % A to 60 % A after 25 min, then to 30 % A for 45 min and in the end becoming isocratic for 5 min. Chromatograms were recorded at 278 nm, while detection was performed with a Photodiode Array Detector by scanning between 200 and 400 nm, with a resolution of 1.2 nm. Individual polyphenolics were identified by comparing the retention times and spectral data with those of standards. Analyses were performed in triplicate and the results are expressed in mg of compound per L.
Sensory evaluation of prepared plant extracts and enriched goat's milk samples
Sensory properties of aqueous plant extracts and unhomogenized goat's milk samples enriched with plant extracts were evaluated using descriptive quantitative analysis. Before adding extracts to unhomogenized goat's milk samples, the milk was shortly heated to simulate pasteurization conditions (72 °C, 30 s). Plain goat's milk was used as control for enriched goat's milk samples.
Sensory panel of 15 people (9 female and 6 male) was comprised of internal sensory panel of the Faculty of Food Technology and Biotechnology (Zagreb, Croatia), varying in age from 25 to 45. The panel confirmed the absence of aversions, allergies or intolerance to milk and evaluated plants; they were non-smokers, with normal perception abilities and previous experience in testing. Firstly, brief introduction into the methodology was given to the panellists, followed by discussion and clarification of particular attribute definitions. After description of sensory characteristics of each evaluated sample, and after discussion among panellists, main attributes for sensory evaluation were chosen. Five attributes (flavour, bitterness, astringency, sweetness and overall acceptability) of plant extracts were evaluated. Equal attributes, with the addition of aroma familiarity and colour of enriched goat's milk samples were assessed. Samples were scored on a 5-point intensity scale, where 5 marked strongly expressed characteristics and 1 poorly expressed characteristics. Moreover, an importance factor (IF=0.5-2) was ascribed to each attribute, where higher IF implied more important attribute. IF=2 was assigned to flavour, overall acceptability and aroma familiarity, IF=1.5 was used for sweetness, IF=1 for bitterness and astringency, and IF=0.5 for the colour. The number of points describing each attribute was multiplied with the importance factor and the average point number was calculated. Warm water was provided for mouth rinsing between each sample.
Statistical analysis
The results were analysed statistically using the STA-TISTICA 7.0 software (24) to determine the average values and standard errors. One-way ANOVA, using the Tukey's post hoc test, with a significance level of p=0.05 % was performed to determine the influence of the addition of different plant extracts to goat's milk samples and homogenization (treatment duration of 5 and 10 min) on evaluated parameters. The same statistical analysis was also used to explore the differences among plant extracts and to evaluate the influence of the addition of plant extracts to goat's milk on the investigated sensory attributes. The probability level of p<0.05 was considered as significant.
Results and Discussion
Physicochemical characteristics of enriched goat's milk
High intensity ultrasound treatments proved to be an effective homogenization technique with the aim of increasing stability and durability of different types of milk. As a consequence of propagation of ultrasound waves, high intensity ultrasound treatments very often lead to various physical and chemical changes of treated products. Therefore, the impact of high intensity ultrasound homogenization on the physicochemical changes of plain and enriched goat's milk samples was evaluated and displayed in Table 1 .
By adding 10 % of aqueous extracts to goat's milk, enriched goat's milk samples were diluted in certain amount, thus decreasing the defatted dry matter (DDM); however, not in a significant manner (p>0.05) when compared to plain goat's milk. After homogenization, again a decreasing pattern of DDM was observed, regardless of the ultrasound treatment duration. Longer homogenization time (10 min) resulted in insignificantly (p>0.05) lower DDM than in unhomogenized goat's milk samples and samples homogenized for 5 min (Table 1) .
With regard to protein content, unhomogenized plain goat's milk was characterized with 3.16 % of proteins, whose content was slightly reduced after homogenization. Generally, the content of proteins decreased after the addition of plant extracts to goat's milk (Table 1) , while the ultrasound homogenization exhibited no significant (p>0.05) influence on the protein content of enriched goat's milk samples.
A similar trend was observed for lactose, whose content in the unhomogenized plain goat's milk exhibited 4.75 %, but decreased (although not significantly) after the addition of plant extracts to goat's milk. As can be seen in Table 1, ultrasound treatments, regardless of their duration, reduced the lactose content in all evaluated samples; however, without significant impact (p>0.05) when compared to their corresponding unhomogenized enriched goat's milk counterparts.
The statistical analysis revealed no significant impact (p>0.05) of all evaluated parameters (plant extract or homogenization time) on the pH values of either enriched or treated goat's milk samples in comparison to unhomogenized goat's milk.
Colour measurements of L*, a*, b* values and total colour difference (∆E) of plain and enriched goat's milk samples obtained from the experimental data indicated more pronounced differences in the colour of goat's milk samples (Table 1) . Plain goat's milk samples had the highest L* values (lightness). Application of ultrasound decreased its L* values, indicating decreased lightness, and thus the appearance of darker colour after homogenization, which was more pronounced after longer treatment. As expected, the lightness was significantly decreased (p<0.05) after the addition of plant extracts to goat's milk, due to the naturally present pigments in plant extracts, mostly chlorophylls. Among enriched samples, the lowest L* value was observed after the addition of sage extract (L*=1.73), while the addition of rosemary resulted in the brightest sample (L*=8.90), which provided significantly (p<0.05) higher L* values than others. Positive a* and b* colour values of enriched goat's milk corresponded to red and yellow colours that prevailed upon the addition of plant extract to the milk. Enriched unhomogenized samples showed increased a* values in comparison with plain unhomogenized goat's milk, especially with milk samples enriched with lavender and rosemary extracts, where significant differences were observed (p<0.05) when compared to goat's milk. On the contrary, b* colour values exhibited a decreasing pattern after the addition of plant extracts and after ultrasound treatments. The decrease of b* values upon the addition of plant extracts indicated a shift of the obtained goat's milk beverages towards green colour. In the case of both a* and b* colour values, ultrasound homogenization resulted in a decrease of these values in comparison with unhomogenized beverages, with more prominent decrease after 10 min. Due to the pigment abundance in plant extracts, total colour difference (∆E) was markedly affected by the addition of plant extracts to goat's milk, exhibiting significant (p<0.05) differences when compared to control sample. ∆E increased with prolonged homogenization time, indicating greater changes in total colour differences after the applied treatments. Longer treatment exhibited a significant impact (p<0.05) on ∆E in plain goat's milk sample and the sample enriched with rosemary. These results are in accordance with the observed lightness values, confirming that the approach to formulating new products by enrichment with liquid plant extracts and subsequent ultrasound treatment affects the colour of the product, and has to be evaluated by sensory analysis to establish the consumer preferences towards these products.
The use of high intensity ultrasound is necessary to produce cavitation effect on treated milk samples. By implosion of cavitation gas bubbles, high intensity shock waves (26) evaluated the impact of different treatment times (3, 6 and 9 min) on particle diameters of goat's milk under the same ultrasound conditions as conducted in this study. They revealed that the duration of 6 min had a major impact on surface area diameter, resulting in the highest decrease of fat globule size. Since it is reported that the emulsion stability is achieved when fat globule size is in range of 1-3 µm (27) , it can be stated that the applied ultrasound treatments in the present study, regardless of their duration, enabled the achievement of stability by homogenization, and contributed to the improvement of the physicochemical characteristics of goat's milkbased beverages.
Bioactive composition of plant extracts and enriched goat's milk-based beverages
In the present paper the development of novel goat's milk beverages was achieved by enrichment with medicinal plant extracts, primarily to enhance the bioactive composition of goat's milk, but also to improve its sensory properties and obtain a more attractive food product, acceptable to a wider consumer population. For this purpose, traditional medicinal plants from the Lamiaceae family (lemon balm, mint, lavender, rosemary and sage) were selected based on their previously determined high bioactive content and favoured aroma properties. Their potent bioactivity, in terms of polyphenolics, and relatively low toxicity have emphasized them as useful ingredients in complementary alternative medicine and as natural supplements (28) . Thus, plant extracts used for the enrichment of goat's milk were initially screened for their fibre content, polyphenolic profile and antioxidant capacity, and the results are presented in Table 2 .
The fibre content in the evaluated plants was examined in terms of soluble polysaccharides and cellulose. The highest content of soluble polysaccharides was determined in mint (9.3 %), followed by lemon balm (7.4 %), rosemary (6.4 %), lavender (5.2 %) and sage (4.4 %), where the last two differed significantly (p<0.05) in comparison with mint sample. Cellulose content was determined in a higher extent than soluble polysaccharides in all evaluated plants, with the highest content observed in rosemary (24.7 %), which differed significantly (p<0.05) from lemon balm, lavender and mint samples.
In order to support the beneficial polyphenolic profile, total and different subclasses of polyphenols in Lamiaceae plants were examined; more specifically flavonoids, hydroxycin namic acids, proanthocyanidins, total tannins and flavan-3-ols (Table 2) . Total polyphenolic (TP) content differed significantly (p<0.05) among all plant extracts. Mint extract had the highest TP content, expressed as GAE (4745.4 mg/L), followed by in the descending order: lemon balm>rosemary>lavender>sage. Similar ranking was reported in a study of Muchuweti et al. (29) , where mint also had higher polyphenolic content than rosemary and sage. When compared to other studies, certain inconsistencies in the TP content among specific plants were observed; how- (21) . Additionally, opposite to the ranking of other polyphenolic compounds, mint extract was characterized with the lowest tannin content. Lemon balm extract had significantly (p<0.05) higher content of flavan-3-ols than other plants.
The antioxidant capacity of medicinal plants was evaluated by two in vitro assays (ABTS and DPPH). The obtained results confirmed a similar ranking as for TP content determined in plant species. By applying ABTS assay, mint extract was characterized with the highest antioxidant capacity, expressed as TE (22.3 mmol/L), which was significantly higher (p<0.05) than of other extracts. By employing DPPH assay, lemon balm was characterized with the most prominent antioxidant capacity, expressed as TE (28.4 mmol/L), followed by negligibly lower antioxidant capacity of mint extract. Again, by using the DPPH assay, sage extract exhibited the lowest antioxidant capacity.
After a thorough bioactive characterization, the plant extracts were added to goat's milk for preparation of enriched goat's milk beverages and the prepared samples were subjected to ultrasound homogenization in duration of 5 and 10 min. The bioactive profile of prepared innovative beverages was analysed, in terms of their TP and TF contents, and antioxidant capacity. TP and TF contents of enriched goat's milk samples are shown in Fig. 1 . As was expected, the polyphenolic content of goat's milk was markedly improved after the addition of plant extracts. The addition of mint extract resulted in the highest TP content (as GAE) of enriched goat's milk beverages, ranging from 638.2 to 755.5 mg/L (depending on the homogenization conditions). The addition of lavender and sage extracts contributed at least to the improvement of TP content in the enriched goat's milk beverages (Fig. 1a) .
These results follow the pattern of TP content determined in aqueous plant extracts, where mint extract was also characterized with the highest, while sage and lavender with the lowest TP content. According to the obtained values, samples enriched with mint extract had significantly higher (p<0.05) TP content than other enriched samples, implying that the adequate choice of plant species could play an important role when developing new food products with improved bioactive profile. Generally, ultrasound treatments resulted in a significant impact on TP content of evaluated enriched goat's milk beverages. However, due to the fluctuations in TP content after applied homogenization treatments, it was hard to determine a specific uniform trend in TP pattern of enriched samples, regardless of their duration. Insignificant effect of ultrasound homogenization (p>0.05) on TP was observed only in the samples enriched with lavender (untreated sample and sample treated for 10 min) and lemon balm (samples treated for 5 and 10 min) extracts.
The addition of plant extracts to goat's milk had an equal effect on the TF ranking (as shown for TP) (Fig. 1b) . Duration of ultrasound treatments (5 and 10 min) had a significant influence (p<0.05) on TF content of enriched goat's milk samples, with the exception of lavender extract, where shorter treatment time (5 min) had insignificant influence (p>0.05) on the TF of the evaluated sample. Generally, up to 7-fold higher TP and TF contents were achieved by enrichment of goat's milk with plant extracts, when compared to plain goat's milk, which supports the fact that the bioactive profile of goat's milk beverages was markedly enhanced by the addition of aqueous plant extracts. 
After screening of polyphenols, the antioxidant capacity of enriched goat's milk samples was studied using ABTS and DPPH radical scavenging assays. Among all evaluated samples, ABTS revealed higher antioxidant capacity than DPPH scavenging assay, with negligible exceptions (Fig. 2) . Such results could be attributed to the differences among reaction principles, since it is known that ABTS radical reacts with both hydrophilic and lipophilic antioxidants, while the DPPH radical reacts only with lipophilic antioxidants. Therefore, in this study, lipophilic antioxidants naturally present in milk possibly contribute to the higher antioxidant capacity of enriched samples obtained by the ABTS assay. Also, negligible antioxidant capacity determined by the ABTS assay was also observed in plain goat's milk, which could be attributed to the presence of lipophilic antioxidants in milk, since by applying DPPH assay, the antioxidant capacity of plain goat's milk was not detected. This fact also confirms that the influence of milk antioxidants on total antioxidant capacity of enriched milk samples is insignificant in comparison with the contribution of antioxidants derived from plant extracts, indicating that the antioxidant capacity of enriched goat's milk is the consequence solely of the plant extracts. Upon the addition of plant extracts, the antioxidant capacity of goat's milk beverages increased up to 3 mmol TE per L, which is comparable to the antioxidant capacity of green tea (32), coffee (33) or chocolate (34) , as some of the most well known antioxidants. The antioxidant capacity obtained by both scavenging assays again revealed the antioxidant superiority of mint-enriched goat's milk beverages.
Among homogenized samples, shorter treatment time (5 min) resulted in decreased antioxidant capacity (with the exception of DPPH sample enriched with rosemary), while longer treatment duration (10 min) provided increased antioxidant capacity, in some cases even higher than in unhomogenized sample. The possible increase in the antioxidant capacity after prolonged treatment may be attributed to the disruption of protein-polyphenol complexes that may have been formed within the enriched goat's milk beverages. Namely, polyphenols are highly reactive molecules that can get into interaction with different macromolecules, like proteins, carbohydrates and enzymes, and in the end lead to the formation of different polyphenol-macromolecule complexes (35) . They also possess high affinity for binding protein molecules rich in proline, as the casein in milk (36) . Therefore, the prolongation of ultrasound treatment may have contributed to the degradation of these complexes and liberation of polyphenolic antioxidants, which resulted in their higher reactivity and higher antioxidant capacity. However, there was no significant influence (p>0.05) of applied homogenization treatment duration on the antioxidant capacity of evaluated enriched samples determined by both assays. Although the homogenization treatments exhibited a variable effect on the antioxidant capacity of the obtained beverages, the significantly improved antioxidant capacity upon the addition of plant extracts has justified the use of these substrates for enrichment purposes.
Results of the HPLC analysis of plant extracts and goat's milk enriched with plant extracts are summarized in Table  3 . All samples were characterized with higher phenolic acid contents than detected flavone derivatives. Significant differences among specific plant extracts (p<0.05) in each polyphenolic compound were observed, confirming the diverse, but beneficial polyphenolic composition among plant species.
Among the identified polyphenolic compounds, rosmarinic acid (RA) was the most abundant in all samples. Rosmarinic acid (an ester of caffeic acid and 3,4-dihydroxyphenyllactic acid) is one of the major polyphenolics from the group of hydroxycinnamic acids, and it can be considered as a representative marker of the Lamiaceae family (37) . Rosemary extract was the richest source of RA (1898.4 mg/L), followed by the lemon balm>mint>sage>lavender extracts. Amaral et al. (38) obtained 38.5 mg of RA per g of ethanolic extract, which is consistent with the results obtained in this study (38 mg/g ). However, Kontogianni et al. (28) quantified lower contents of RA in rosemary extract. As mentioned before, various external and environmental factors influencing plant growth could contribute to the fluctuations in polyphenolic content and composition. Also, the same extraction technique, its conditions (time and temperature, solvent) and different identification and quantification assays could lead to scattered results in polyphenolic content among studies.
The addition of plant extracts to goat's milk resulted in a variable final content of individual polyphenolic compounds in the obtained beverages. Although the content of plant extracts added to goat's milk for the formulation of beverages was 10 % of the final beverage volume, the enriched goat's milk beverages contained higher content of specific polyphenols than the theoretical one. In the case of RA, up to 30 % of the initial RA content (plain plant extracts) was detected in the enriched goat's milk beverages. These findings indicate that goat's milk is an appropriate food substrate for the implementation of aqueous plant extracts allowing the preservation of the bioactive components. With regard to ultrasound homogenization, treatments had a different impact on RA content, in dependence on the treatment duration. For example, in goat's milk enriched with rosemary extract, shorter ultrasound treatment exhibited an increase (p<0.05) in RA, while in the milk with lavender extract, the 10-minute treatment caused an insignificant (p>0.05) decrease of RA content. Therefore, due to the reported discrepancies among the results, exact influence of ultrasound homogenization on RA content was hard to establish.
Chlorogenic acid (ChlA) was detected in the highest concentration in lavender extract (37.6 mg/L), and the lowest was determined in rosemary extract (8.6 mg/L). Vallverdú-Queralt et al. (39) confirmed the presence of ChlA in rosemary; however, in much lower concentration. Since ChlA was detected in rosemary extract only in a minor concentration, it was not detected in enriched goat's milk samples. The addition of 10 % of plant extracts to goat's milk for the formulation of enriched beverages also enabled a higher ChlA content of the obtained beverages (than the theoretical content of plain plant extracts).
Among hydroxycinnamic acids, caffeic acid (CA) was also detected, with sage extract as the representative source of this compound (16.3 mg/L), while it was not detected in mint and lavender samples, again confirming significant differences among the plant compositions. The homogenization treatments had an insignificant effect (p>0.05) on the contents of both chlorogenic and caffeic acids in the enriched goat's milk samples. Due to the diversity of hydroxycinnamic acids, as the group of compounds representative of the evaluated plant extracts, these compounds were also evaluated as the hydroxycinnamic acid derivatives, expressed as their sum (∑HcAD). HcAD again exhibited marked differences between the plant species, and the ∑HcAD was the most abundant in lemon balm extract (997.1 mg/L). Consequently, markedly different concentration of HcAD in the formulated goat's milk beverages de- pendening on the added plant extract was measured. No specific trend in the total ∑HcAD content was observed with regard to ultrasound duration. These inconsistencies may be the result of the variability and diversity of HcAD, which may also have variable properties and reactivity in the implemented matrix, in this case goat's milk. Apart from the phenolic acids, plant extracts in different concentrations also represent a source of flavone derivatives (luteolin, rutin and apigenin). Mint extract had the highest concentration of luteolin derivatives (∑LutD=263.4 mg/L), followed by sage extract, while other samples contained considerably lower concentrations, ranging from 26.5 to 58.0 mg/L. Rutin derivatives were only detected in lemon balm and mint extracts, where mint represented the main source of these compounds (∑RutD=1053.4 mg/L), even 36 times higher than in lemon balm. Finally, sage extract was the only source of apigenin derivatives (∑ApiD=4.10 mg/L). The presence of apigenin in sage extract was also confirmed by Kontogianni et al. (28) . Upon the addition of plant extracts to goat's milk, only LutD were detected in the formulated beverages (with the exception of lemon balm-enriched goat's milk), while RutD and ApiD were not detected at all. Consistent with the highest TPC and antioxidant capacity, the addition of mint enabled the highest LutD content of the enriched beverages, even higher than the total HcAD content. The established variability and diversity of the detected polyphenolic compounds is beneficial for the enriched goat's milkbased beverages, since it is well known that the combination of diverse polyphenolic antioxidants deriving from a natural substrate may exert a potent, synergistic effect with beneficial health effects and activities.
Sensory properties of plant extracts and formulated enriched goat's milk beverages
Goat's milk flavour originates from the lipid fractions, characterised by a strong scent and specific flavour. Important contributors to the distinctive goat's milk taste are free fatty acids (caprylic, capric and caproic), where 4-methyloctanoic acid and 4-ethyloctanoic acid have been found to be principally responsible for the goat's milk flavour, since they are perceived even at very low concentrations and present at levels higher than their perception threshold (40) . These fatty acids remain bound in glycerides during milk processing and thus contribute to the consumer perception of goat's milk, which is most often not preferred among consumers. Therefore, to make goat's milk closer to consumers and develop stable, innovative, highly valuable and sensorially desirable product, plant extracts were added to the goat's milk with the aim of improving its sensory characteristics.
Among plant extracts, as can be seen in Fig. 3a , certain differences in the sensory preference among the evaluated extracts were observed. There was no significant difference (p>0.05) in the flavour among evaluated plant extracts. Lavender extract, characterised by the highest bitterness, was the least preferred by the panellists. Also, in terms of bitterness, lavender extract was significantly different (p<0.05) only from mint extract. The highest astringency was evaluated in rosemary extract, which was significantly higher (p<0.05) than values observed for lemon balm, mint and sage. Lemon balm scored the highest values of sweetness, and the lowest of astringency. Sweetness of lemon balm was significantly different (p<0.05) from other plant extracts (mint, lavender, rosemary and sage), while its astringency was significantly different (p<0.05) only from that of rosemary. The highest overall acceptability was recorded for mint extract, which can be related to its least pronounced bitterness and astringency. Overall acceptability of mint was not significantly different (p>0.05) from the one determined for rosemary, which among panellists was the second rated in terms of overall acceptability.
According to the obtained results (Fig. 3b) , sensory profile of enriched goat's milk beverages was significantly improved. As expected, plain goat's milk was not preferred among panellists and resulted in low overall acceptability, which was significantly enhanced after the addition of plant extracts. Flavour, as one of the most important attributes, scored very high among other evaluated sensory properties, especially in milk samples enriched with lavender and mint extracts. This may be the consequence of the flavour familiarity which scored highest for these two extracts. Flavour of milk samples enriched with lavender and mint was significantly different (p<0.05) from flavour of other enriched goat's milk samples. However, due to the highest bitterness and astringency of lavender extract, goat's milk containing lavender was also characterized by the highest intensity of these properties and thus conse- (1) (2) (3) (4) (5) for each attribute multiplied with an importance factor (IF) determined for each attribute (IF=2 for flavour, overall acceptability and aroma familiarity, IF=1.5 for sweetness, IF=1 for bitterness and astringency and IF=0.5 for colour). LB= lemon balm, M=mint, L=lavender, R=rosemary, S=sage, GM=plain goat's milk, GM+LB=GM enriched with lemon balm extract, GM+M=GM enriched with mint extract, GM+L=GM enriched with lavender extract, GM+R=GM enriched with rosemary extract, GM+S=GM enriched with sage extract quently low overall acceptability. Bitterness and overall acceptability of milk containing lavender were significantly different (p<0.05) compared to other enriched milk samples. In contrast, the addition of mint and rosemary extracts, which were characterized by a high overall acceptability of plain extracts, also provided the best, i.e. the highest overall acceptability of enriched goat's milk beverages. This can be attributed also to the pronounced sweetness of rosemary-enriched goat's milk and can imply the potential masking effect of the specific goat's milk flavour. Sweetness of milk enriched with rosemary was significantly different (p<0.05) in comparison with the sweetness of lavenderand sage-enriched milk samples. Generally, it was observed that the addition of all plant extracts enhanced the sweetness perception of goat's milk in comparison with plain goat's milk, while the addition of sage extract contributed the least to the flavour improvement (with no significant difference (p>0.05) compared to plain goat's milk). The addition of 10 % of extracts to goat's milk showed insignificant (p>0.05) influence on colour, since the colour of enriched milk samples changed slightly. However, the most prominent colour change was observed after the addition of rosemary extract. Based on the obtained results, it can be deduced that the final ranking of plant extracts according to the sensory properties of the obtained product is as follows: mint>rosemary>sage>lemon balm>lavender. This indicates that consumers would prefer the addition of mint and rosemary extracts to products, mostly due to the aroma familiarity and positive taste attributes. The use of sage and lemon balm is not as preferred due to their mild aroma, while the addition of lavender extract does not provide a sufficient improvement of the sensory characteristics of goat's milk.
Conclusions
In this study, goat's milk beverages enriched with medicinal plant extracts, homogenized and stabilized by applying nonthermal high intensity ultrasound treatments were produced. The enriched beverages were characterized with significantly improved bioactive compound content and profile, derived from polyphenolic antioxidants of medicinal plants. The addition of plant extracts, besides providing specific polyphenolic compounds that are not normally present in goat's milk, also enabled to achieve products characterized by antioxidant capacity comparable to that of green tea, coffee or chocolate. Employing mint extract enabled the highest increase in the bioactive compound content. Ultrasound homogenization significantly affected only the physicochemical properties of enriched goat's milk beverages, mainly fat globule size reduction, colour difference and decrease in the content of proteins, lactose or pH, while it had no specific effect on the bioactive compound content. The main purpose of masking and reducing the negative sensory properties of goat's milk was achieved by enrichment with plant extracts, which was in the highest measure achieved by the addition of mint and rosemary extracts, as evidenced by the highest overall acceptability of the formulated beverages. Taking into account numerous health benefits of plain goat's milk and medicinal plants, the enriched goat's milk beverages could gain higher interest among consumers and present an innovative, consumer appealing functional food product.
